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a  b  s  t  r  a  c  t
A  total  of  151  fecal  specimens  from  chickens  were  randomly  collected  from  local  markets  in  Uberlân-
dia  and  Belo  Horizonte  in the state  of Minas  Gerais,  Brazil,  to  evaluate  the presence  of Enterocytozoon
bieneusi  by  polymerase  chain  reaction  (PCR).  Enterocytozoon  bieneusi  was  identiﬁed  in 24 fecal  samples
(15.9%).  This  represents  the  ﬁrst  report  of  E. bieneusi  in chickens  in  Brazil.  All PCR-positive  specimens
were  sequenced  and  4 genotypes  were  identiﬁed,  Peru  6, Peru  11,  Type  IV,  and  D. All four  genotypes  haveeywords:
razil
irds
nterocytozoon bieneusi
enotypes
previously  been  reported  as  human  pathogens  and  are  potentially  zoonotic.  Our  results  demonstrate  that
human-pathogenic  E.  bieneusi  genotypes  are present  in chickens  in Brazil,  corroborating  their  potential
role  as a  source  of  human  infection  and  environmental  contamination.
Published  by  Elsevier  B.V.CR
. Introduction
Microsporidia are a ubiquitous group of obligate intracellu-
ar parasites that infect all major animal groups, vertebrates and
nvertebrates, consisting of more than 1200 species. At least 17
re known to be pathogenic for human including among others
nterocytozoon bieneusi, Encephalitozoon cuniculi, Encephalitozoon
ntestinalis and Encephalitozoon hellem (Fayer and Santín, 2014).
mong those pathogenic for humans, E. bieneusi is the most
revalent species in humans worldwide (Santín, 2015). It is an
pportunistic parasite responsible of complications in immune
eﬁcient patients (Mathis et al., 2005). Gastrointestinal tract is the
ain localization with chronic diarrhea as the most frequent clin-
cal manifestation of the infection.
E. bieneusi has also been found in a broad range of domestic
nd wild animals raising the question on the importance of ani-
al  reservoirs in the epidemiology of this parasite (Santín and
ayer, 2011). The identiﬁcation of spores of E. bieneusi in water
upplies suggests it can be a potential vehicle in the transmis-
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ttp://dx.doi.org/10.1016/j.vetpar.2015.12.019
304-4017/Published by Elsevier B.V.sion of this parasite not only for humans but also for animals
(Galván et al., 2013; Guo et al., 2014). Moreover, E. bieneusi has been
detected in retail fresh food produce (raspberries, sprouts, and let-
tuce) (Jedrzejewski et al., 2007) and it has been found to be the cause
of a large foodborne outbreak in Sweden (Decraene et al., 2012).
Thus, transmission occurs mainly through fecal-oral routes, with
sources including other infected humans or animals, contaminated
water and food (Santín, 2015). However, not all E. bieneusi from
animals have zoonotic potential; the use of nucleotide sequence
analysis of the internal transcriber spacer (ITS) of the rRNA gene has
revealed a considerable genetic diversity within isolates of human
and animal origin with thus far more than 200 genotypes described.
Some genotypes have been identiﬁed as host-adapted to humans or
animals while others do not appear to have host speciﬁcity infect-
ing both humans and animals. The later genotypes when found in
human and animals and are thus considered zoonotic.
Information on birds is very scarce. The ﬁrst case of E. bieneusi
in birds, and also ﬁrst in a non-mammalian host, was  detected in
2 chickens (Gallus gallus) at a poultry abattoir in Germany (Reetz
et al., 2002). Since then, there have been only two  other reports in
chickens from Peru (Feng et al., 2011), and China (Li et al., 2014).
E. bieneusi has also been found in other bird species of the orders
Columbiformes, Passeriformes, Psittaciformes, Struthioniformes,
and Falconiformes suggesting that birds may  play an important
role in transmission of this parasite to humans (Haro et al., 2005,
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Table  1
Enterocytozoon bieneusi genotypes reported in birds. Bold denotes genotypes found in this study.
Genotype (synonyms) Avian order (species) Country References
A* Psittaciformes Czech Republic Kasicková et al. (2009)
(Agapornis roseicollis, Agapornis personata, Amazona
leucocephala, Melopsittacus undulatus,  Nymphicus
hollandicus, Myiopsitta monachus,  Alisterus scapularis,
Polytelis swainsonii, Pyrrhura sp., Platycercus elegans,
Platycercus eximius)
Passeriformes
(Serinus canaria, Temenuchus pagodarum)
Columbiformes
(Ocyphaps lophotes)
Type IV* Struthioniformes Spain Galván-Díaz et al.
(2014)
(Struthio camelus)
Galliformes Brazil (This study)
(Gallus gallus)
Peru6* Psittaciformes Portugal Lobo et al. (2006)
(Agapornis sp.)
Columbiformes
(Columba livia)
Galliformes Brazil (This study)
(Gallus gallus)
D *
(CEbC, Peru 9,
PigEBITS9, PtEbVI,
WL8)
Falconiformes Abu Dhabi Müller et al. (2008)
(Falco sp.)
Columbiformes Iran Pirestani et al. (2013)
(Columba livia)
Galliformes Brazil (This study)
(Gallus gallus)
Peru8* Galliformes Peru Feng et al. (2011)
(Gallus gallus)
EbpA*
(F)
Psittaciformes Brazil Lallo et al. (2012)
(Amazona aestiva,Melopsittacus undulates)
Passeriformes
(Sicalis ﬂaveola)
Columbiformes
(Columba livia)
Psittaciformes Czech Republic Kasicková et al. (2009)
(Agapornis ﬁscheri, Agapornis nigrigenis, Agapornis cana
Agapornis personata,  Melopsittacus undulatus,  Aratinga
acuticaudata,  Aratinga mitrata, Aratinga auricapilla,
Barnardius zonarius, Cyanoramphus novaezelandiae,
Nandayus nenday, Neophema splendida, Neophema
pulchella, Polytelis alexandrae, Poicephalus senegalus,
Psittacus erithacus, Pyrrhura sp., Platycercus elegans,
Platycercus eximius, Platycercus caledonicus)
Columbiformes
(Geopelia cuneata)
J*
(BEB1, CEbB,
PtEbX)
Galliformes Germany Reetz et al. (2002)
(Gallus gallus)
Columbiformes Iran Pirestani et al. (2013)
(Columba livia)
PtEbII*
(Peru6-
var)
Psittaciformes Portugal Lobo et al. (2006)
(Psittacus erithacus)
Columbiformes
(Columba livia)
Henan IV* Galliformes China Li et al. (2014)
(Gallus gallus)
M Columbiformes Iran Pirestani et al. (2013)
(Columba livia)
CC-1 Galliformes China Li et al. (2014)
(Gallus gallus)
Col01a Columbiformes Spain Haro et al. (2005)
(Columba livia)
Col02a Columbiformes Spain Haro et al. (2005)
(Columba livia)
Col03a Columbiformes Spain Haro et al. (2006)
(Columba livia)
Col04a Columbiformes Spain Haro et al. (2006)
(Columba livia)
Col05a Columbiformes Spain Haro et al. (2006)
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Table 1 (Continued)
Genotype (synonyms) Avian order (species) Country References
(Columba livia)
Col06a Columbiformes Spain Haro et al. (2006)
(Columba livia)
Col06a Columbiformes Spain Haro et al. (2006)
(Columba livia)
Peru11* Galliformes Brazil (This study)
(Gallus gallus)
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* Genotypes found also in humans.
a Incomplete ITS nucleotide sequence.
006; Lobo et al., 2006; Müller et al., 2008; Kasicková et al., 2009;
allo et al., 2012; Pirestani et al., 2013) (Table 1). Although there is a
imited number of isolates of E. bieneusi that have been molecularly
haracterized, zoonotic genotypes have already been documented
n birds indicating that birds could be a source of E. bieneusi for
umans (Table 1).
There are no data on the presence or impact of E. bieneusi on
hickens in Brazil. Therefore, the objective of the present study was
o investigate the presence of E. bieneusi in chickens in Brazil using
olecular methods and to determine its genetic diversity using
ucleotide sequence analysis of the ITS region.
. Material and methods
.1. Samples
A total of 151 fecal samples from chickens were obtained from
ctober 2013 to September 2014 at 17 local markets in Uberlândia
nd Belo Horizonte in the state of Minas Gerais, Brazil. The chick-
ns ranged in age from 1 month to one year. They were raised
n small farms for egg or meat consumption or to trade them at
he local markets. On the farms, they were free-range with con-
act with frequent others animals. At the market, chickens were
ept separately in individual cages which were sanitized every day.
hicken food consisted of corn grain or chicken ration. All chick-
ns examined were apparently in good health and no diarrhea was
bserved. Fresh fecal samples were collected from cages with care
o collect only the portion that did not have direct contact with the
age to avoid contamination. Specimens were placed into sterile
olystyrene tubes and transferred in isothermal boxes to the Para-
itology Laboratory of Federal University of Uberlândia (UFU) and
eld at −20 ◦C until DNA extraction.
.2. DNA extraction
DNA was extracted directly from feces using the QIAamp Stool
ini Kit (Qiagen GmbH, Hilden, Germany) according to the man-
facturer’s instruction with minor modiﬁcations. Modiﬁcations
ncluded the addition of 0.3 g of zirconia beads (Stratech Scientiﬁc,
uton, U.K.) to 0.2 g of feces and 1.4 ml  lysis buffer (McLauchlin et al.,
999); mixture was then heated at 95 ◦C for 5 min  followed by vig-
rous shaking (2 rounds of 15 min) to facilitate the spore rupture.
he protocol then followed manufacturer’s instructions with the
xception that to increase the quantity of DNA recovered DNA, the
ucleic acid was eluted in 150 l AE buffer. DNBA was frozen and
tored at −20 ◦C.
.3. PCR and sequencingTo detect E. bieneusi, a nested PCR protocol was used to amplify
he entire ITS (243 bp) as well as portions of the ﬂanking large and
mall subunits of the rRNA gene as previously described (Buckholtet al., 2002). Negative and positive controls were included in all PCR
sets. PCR products were subject to electrophoresis in the QIAxcel
Advanced system (Qiagen, Valencia, California).
All positive PCR products were puriﬁed using ExoSAP-IT (USB
Corporation; Cleveland, OH) and sequenced in both directions
using the inner PCR primers in 10 l reactions, with BigDye 3.1v
Chemistries, in an ABI 3130 sequencer analyzer (Applied Biosys-
tems, Foster City, California). The sequences of each strand were
aligned, examined, and compared with reference sequences down-
loaded from GenBank using the program SeqManTM (DNAstar
Inc., Madison, Wisconsin) to determine genotypes. The established
nomenclature system was  used in naming E. bieneusi genotypes
(Santín and Fayer, 2009). The nucleotide sequences obtained in
the present study were deposited in the GenBank database under
accession numbers KT943972 to KT943975.
3. Results
Positive ampliﬁcation for E. bieneusi was obtained in 24 (15.9%)
of 151 samples analyzed by PCR. Fecal specimens collected from
chickens at 9 markets of the 17 included in this study were found
to be E. bieneusi positive. Prevalence observed at markets ranged
from 0% (Markets 1, 6, 9, 10, 11, 13, 16, and 17) to 80% (Market 12)
(Table 2).
All PCR positive samples were successfully sequenced and
no mixed infections were observed in any of the 24 nucleotide
sequence traces. Analysis of the ITS sequences revealed the pres-
ence of 4 distinct genotypes of E. bieneusi, D, Type IV, Peru 6,
and Peru11 (Table 2). Overall, genotype D was the most prevalent
(14/24, 58.3%), followed by Peru 11 (8/24, 33.3%) and Peru 6 and
Type IV (1/24 for each, 4.2%). Genotype D and Peru 11 were found
in markets from both cities included in the study whereas Type IV
was found only in Uberlândia and Peru 6 only in Belo Horizonte
(Table 2).
4. Discussion
E. bieneusi was identiﬁed in 15.9% of the 151 chickens examined
at 9 of the 17 markets included in this study. This report constitutes
the ﬁrst report of this parasite in chickens in Brazil. There are only
three previous reports of E. bieneusi in chickens in the literature
in low numbers of animals from Germany, Peru, and China (Reetz
et al., 2002; Feng et al., 2011; Li et al., 2014). Reetz et al. (2002)
identiﬁed E. bieneusi in 2 of 8 symptomatic chicken examined at
a poultry abattoir in Germany. Later, E. bieneusi was detected in
a chicken in Peru (Feng et al., 2011), and in 2 of 14 layer chick-
ens and 1 of 5 broiler chickens examined in China (Li et al., 2014).
Chickens examined in China and Germany were showing symp-
toms of diarrhea (Reetz et al., 2002; Li et al., 2014). However, all
birds included in this study were apparently healthy and might
serve as asymptomatic carriers of E. bieneusi.
M.J.R. da Cunha et al. / Veterinary Parasitology 217 (2016) 108–112 111
Table  2
Enterocytozoon bieneusi genotypes identiﬁed in chickens at 17 markets in Brazil.
Location Number of samples Number of positives (%) E. bieneusi genotype (n)
Uberlândia Market 1 6 0
Market 2 10 1 (10) D (1)
Market 3 5 3 (60) D (3)
Market 4 6 2 (33.3) Type IV(1), D (1)
Market 5 12 1 (8.3) D (1)
Market 6 5 0
Market 7 12 2 (16.7) D (2)
Market 8 9 1 (11.1) D (1)
Market 9 4 0
Market 10 3 0
Market 11 2 0
Market 12 5 4 (80) Peru11 (4)
Market 13 4 0
Market 14 30 7 (23.3) Peru11 (3), D (4)
Belo  Horizonte Market 15 15 3 (20) Peru11 (1), D (1), Peru6 (1),
Market 16 12 0
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Total 151 
Four different genotypes, D, Peru11, Peru6 and Type IV, were
dentiﬁed using nucleotide sequence analysis of the ITS. Genotype
 was the most frequently identiﬁed genotype (58.3%) followed
y Peru11 (33.3%), Type IV (4.2%), and Peru6 (4.2%). Although all
enotypes, but Peru11, have been previously identiﬁed in avian
osts (Table 1), our ﬁndings represent the ﬁrst time that all four
enotypes are present in chickens. It has to be emphasized that all
. bieneusi genotypes identiﬁed in this study have been previously
ound in humans. Indeed genotypes D and Type IV belong to the
ost frequently diagnosed genotypes in humans with reports in
orth and South America, Africa, Europe, and Asia, (Santín, 2015).
enotype D has a wide range of host including humans, birds
pigeon and falcon), non-human primates, pig, cattle, dog, cats,
orse, wild board, beaver, fox, muskrat, river otter, raccoon, rab-
it, and mice (Santín, 2015). In South America, it has been reported
n humans in Brazil (Feng et al., 2011) and Peru (Sulaiman et al.,
003; Bern et al., 2005; Cama et al., 2007), in cattle in Argentina (del
oco et al., 2014), and in horses in Colombia (Santín et al., 2010).
ype IV has also been reported in a wide range of hosts includ-
ng humans, non-human primates, cattle, cat, dog, bird (ostriches),
nd wildlife (chipmunk, woodchuck, meadow vole, squirrel, black
ear) (Galván-Díaz et al., 2014; Santín, 2015). Geographical and
ost range is more restricted for Peru6 and Peru 11; Peru 6 has been
dentiﬁed in humans in Peru and Portugal, dogs in Portugal, cattle
n the United States, and birds (pigeon and lovebird) in Portugal
Santín, 2015) while Peru 11 has been detected in humans in China,
eru and Thailand, primates in Kenya and China, and wildlife (rac-
oon, meadow vole, eastern cottontail) in the United States (Santín,
015).
E. bieneusi has been previously reported in Brazil in humans,
igs, and birds (Brasil et al., 1998; Brasil et al., 2000; Feng et al.,
011; Lallo et al., 2012; Fiuza et al., 2015). Genotypes NIA1, D, and
L12 were reported in humans (Feng et al., 2011), O, EbpA, H, Cs-1,
nd PigEb1-PigEb17 in pigs (Fiuza et al., 2015), and EbpA in birds
Lallo et al., 2012).
Chickens examined in this study were raised free-range in small
arms in which they live in close contact with humans and other
nimals such as cattle, pigs and dogs. This type of production is very
ommon in rural towns in Brazil. Some of these farms are located
earby rivers where the animals can drink water and defecate in
he water which increase the risk of environmental contamina-
ion and dissemination of parasites. Our ﬁndings show that human
athogenic genotypes of E. bieneusi are present in chickens in Brazil
orroborating its potential role as a source of human infection
nd environmental contamination. The results presented here have0
24 (15.9) D (14), Type IV (1), Peru11 (8), Peru6 (1)
important public health implications as infected chickens with
zoonotic genotypes are in close contact with humans and other ani-
mals at farms and markets. Therefore, they could contribute to the
direct transmission of this parasite or indirect transmission by con-
taminating water and food with environmentally resistance spores.
However, more studies are needed to better assess the impact of
domestic birds in human infections.
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